We sought procedures which would allow a rapid concentration in high yield of bacterial antigens from tissue fluids of patients and which could be applied also to protein-rich fluids like serum. Ethanol precipitation at a subzero temperature with albumin added as an antigen coprecipitant made it possible to achieve a more than 20-fold concentration of antigen in 15 min and a 200-fold concentration in 45 min. Heat-stable antigens could be concentrated from protein-rich fluids (like serum) after the sample had been deproteinized by boiling. Such heating (100°C, 3 min) also liberated bacterial polysaccharides from antibody complexes and eliminated the nonspecific interference of serum in enzyme-linked immunosorbent assay.
The sensitivity of bacterial antigen detection in tissue fluids can be increased by concentrating the antigen before analysis. The described procedures (1, 6, 9, 20) for such concentration cannot be readily applied to protein-rich fluids like serum and are either time consuming (6) or lead to loss of antigen (9, 20) .
We will describe a modified ethanol precipitation method which allows the concentration in high yield of bacterial antigens from samples of low protein content (spinal fluid, some urines) in 15 min. The method could also be used for protein-rich samples, e.g., serum, provided they had been deproteinized.
Among the methods for deproteinization, boiling (3 min, 100°C) was preferred since, in addition to deproteinization, it caused liberation of antigen complexed with antibody and reduced the nonspecific interference caused by serum in enzyme-linked immunosorbent assay (ELISA). Countercurrent immunoelectrophoresis. Essentially we followed a modification (14) of the original procedure of Culliford (7) . Microscope glass slides were covered with 2 ml of 1% agarose (Behringwerke, Marburg-Lahn, Germany). Antigen and antibody wells were of 3-mm diameter (7-jl capacity), cut 5 mm apart.
A 25 mM sodium barbital buffer (pH 8.6 ) and an electrical field of 6 V per centimeter of agarose were used. The gels were inspected after 15 min and 30 min of electrophoresis time. The untreated body fluid specimens were tested for antigen with anti-N. meningitidis groups A, B, and C; anti-H. influenzae Coagglutination. Formalin-stabilized protein Acontaining staphylococci (strain Cowan I) were made up by the method of Kronvall (12) . The batch used was a gift from J. C. Siebke, Virus Department, Norwegian Institute of Public Health. Ten milliliters of a 1% staphylococcal cell suspension was incubated (1 h at 2200) with 0.1 ml of rabbit anti-H. influenzae type b serum, washed twice in PBS, and suspended to a final concentration of 1% in PBS. This reagent was used for slide agglutination, following the principles of Olc6n et al. (16) . The co-agglutination method was 1.5 times more sensitive than CIE in detecting H. influenzae type b antigen in a given solution.
Fluorescent-antibody technique. Detection of bacteria in spinal fluid specimens by this method was as described by F0re and Gaustad (10) .
Procedures for ethanol precipitation of antigen in body fluid specimens. Different procedures were used depending on the volume of the sample and its content of ethanol-insoluble material (protein). Procedure A1 was used for samples of 3 ml or less which contained little protein, e.g., spinal fluid, urine. Procedure A2 was used for samples (3 ml 7.4 by the addition of NaOH). The mixture was placed in a boiling water bath for 3 min and centrifuged as above. The supernatant was ethanol precipitated and further treated as described above A1.
(ii) Two-step precipitation. The first ethanol precipitation step was as described for A1. The pellet was thoroughly suspended in up to 3 ml of PBS and boiled in a water bath for 3 min. The insoluble residue was removed by centrifugation for 5 min at 10,000 x g, and this supernatant was re-precipitated with ethanol as described above (A1).
RESULTS
Ethanol precipitation of bacterial antigens. In preliminary experiments it was found that when bovine serum albumin (1 mg/ml) was included along with precooled (200C) ethanol, an excellent recovery of the antigen resulted. This was the case even when the antigen was highly diluted and the centrifugation was started immediately after addition of the ethanol.
A near total recovery of purified capsular polysaccharide antigen was noted with this method, whether the antigen had been disolved in PBS or body fluids ( Table 1 ). Samples of CSF could be concentrated 5 to 20-fold in 15 to 20 min by this procedure. The degree of concentration depended upon the volume of CSF available (0.5 to 2.0 ml). In the case of body fluids with high contents of ethanol-insoluble material, e.g., serum and some urines, a thorough suspension of the ethanol precipitate was necessary to dis- (1000C for 3 min) . Likewise, heating had no effect on the titer of polyribosyl ribitol phosphate (purified or from crude H. influenzae type b supernatants) whether in ELISA or in staphylococcal co-agglutination tests.
Use of heating to recover bacterial antigens from immune complexes. The heat resistance of the bacterial antigens made it possible to liberate them from antigen-antibody complexes, as shown in Fig. 1 . B enterotoxin were all subject to nonspecific reactions (false-positives) due to substances present in human and rabbit sera, human urine, and CSF. The degree of nonspecific reaction varied conspicuously from specimen to specimen, but was similar in the various ELISA setups for any particular specimen.
The false-positive reactions were not altered by freezing or thawing the sera, or storage for 2 weeks at 40C. They were not eliminated by ethanol precipitation of the sera. (The resuspended precipitate was tested.) However, the heat treatment of sera (1000C, 3 min) In one of the CSF specimens (N. meningitidis group B), gram-negative diplococci were evident in direct microscopy. In another (H. influenzae type b), both culture and direct immunofluorescent-antibody microscopy were positive. No sample with positive culture or direct immunofluorescent-antibody microscopy has been negative in CIE after concentration of the sample. These results, although for a small number of cases, suggest that CIE, when combined with antigen concentration, is more sensitive than culture or microscopy.
In one case (serum from a patient with N. meningitidis group B meningitis), multiple precipitation lines against N. meningitidis groups A and B antisera were observed in CIE. After heat treatment of the specimen, only one precipitation line against N. meningitidis group B remained. Preincubation of the N. meningitidis group B antiserum with purified group-specific N. meningitidis group B polysaccharide abolished the precipitation line in the heat-treated sample, whereas precipitation lines were still present with the unheated specimen. Thus, it appears that the heat treatment enhanced the diagnostic specificity by destruction of heat-labile cross-reacting antigens, leaving the typespecific polysaccharide intact.
DISCUSSION
An etiological diagnosis of bacterial meningitis may be possible in less than 1 h by latex agglutination, co-agglutination, or CIE. These meth-ods have a sensitivity comparable to those of microscopy and culture (3, 5, 10, 11) , but are considerably less sensitive than ELISA or radioimmunoassay (2, 19) .
By the present quick procedure of precipitation with ethanol (using ethanol at -20°C and including serum albumin as coprecipitant), bacterial antigen was concentrated up to 20 times in less than 20 min, with a near complete recovery of antigen (Table 1) . To achieve maximal concentration of antigen in large volumes ofhigh protein content, a second ethanol precipitation followed a protein denaturation step (heating in a boiling bath for 3 min). In this way, antigen in urine was concentrated more than 200 times in less than 1 h. The usefulness of ethanol precipitation is not limited to capsular (group-specific) polysaccharides, as antigenic substances different from the capsular polysaccharides have been precipitated from the serum and CSF of a patient with meningitis due to N. meningtidis group B (unpublished observations). Likewise, antigen released into PBS from L. pneumophila, presumably protein lipopolysaccharide (23) , could be concentrated by ethanol precipitation.
Ethanol precipitation has been used for decades to concentrate antigen from bacterial cultures (13, 21) , but its use for concentration of bacterial antigens in body fluids has been limited to urine, where 20-fold concentration has been achieved (6) . The reason for the limited use of ethanol precipitation until now may have been the delay (2 h) caused by the early procedures (6) .
Membrane filtration has also proved useful for the concentration (from urines) of pneumococcal, meningococcal, and H. influenzae type b antigens (9) and the Legionella antigen (1) . This method has given up to 20-fold concentration of the antigen in 1 h, but a considerable (more than 50%) loss of antigen occurs (9) . A considerable loss of antigen also occurs when CSF is concentrated with dehydrated polyacrylamide gel absorption (20) . The heat stability of capsular polysaccharides is the basis for the simple liberation of such antigens from complexes with antibody by heating (Fig. 1) . The method is rapid (3 min) and is far simpler than pepsin digestion (18) or two-dimnensional electrophoresis (4).
We have observed that normal sera, CSF specimens, and urines can give false-positive reactions in an ELISA sandwich setup. These observed reactions were considered to be nonspecific, since the same degree of interference was noted in several ELISA setups in which reagents of different origins were used. Heat treatment of samples before analysis by ELISA eliminated these false-positive reactions. Others, using latex agglutination or co-agglutination (with protein A-coated staphylococci), have noted that rheumatoid factor (19, 22) and other unidentified heat-labile factors (15) may cause false-positive reactions.
